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Introduction to VRML 97 


Abstract 


VRML (the Virtual Reality Modeling Language) has emerged as the de facto standard for describing 
3-D shapes and scenery on the World Wide Web. VRML’s technology has very broad applicability, 
including web-based entertainment, distributed visualization, 3-D user interfaces to remote web 
resources, 3-D collaborative environments, interactive simulations for education, virtual museums, 
virtual retail spaces, and more. VRML is a key technology shaping the future of the web. 

Participants in this tutorial will learn how to use VRML 97 (a.k.a. ISO VRML , VRML 2.0, and Moving 
Worlds) to author their own 3-D virtual worlds on the World Wide Web. Participants will learn VRML 
concepts and terminology, and be introduced to VRML’s text format syntax. Participants also will learn 
tips and techniques for increasing performance and realism. The tutorial includes numerous VRML 
examples and information on where to find out more about VRML features and use. 



Introduction to VRML 97 


Preface 


Welcome to the Introduction to VRML 97 tutorial notes! These tutorial notes have been written to 
give you a quick, practical, example-driven overview of VRML 97, the Web’s Virtual Reality 
Modeling Language. To do this, I’ve included over 500 pages of tutorial material with nearly 200 
images and over 100 VRML examples. 

To use these tutorial notes you will need an HTML Web browser with support for viewing VRML 
worlds. An up to date list of available VRML browsing and authoring software is available at: 

The VRML Repository 

(http://vrml.sdsc.edu) 

What’s included in these notes 

These tutorial notes primarily contain two types of information: 

1. General information, such as this preface 

2. Tutorial slides and examples 

The tutorial slides are arranged as a sequence of 500+ hyper-linked pages containing VRML 
syntax notes, VRML usage comments, or images of sample VRML worlds. Clicking on a sample 
world’s image, or the file name underneath it, loads the VRML world into your browser for you to 
examine yourself. 

You can view the text for any of the VRML worlds using a text editor and see how I created a 
particular effect. In most cases, the VRML files contain extensive comments providing 
information about the techniques the file illustrates. 

The tutorial notes provide a necessarily terse overview of VRML. I recommend that you invest in 
one of the VRML books on the market to get thorough coverage of the language. I am a co-author 
of one such VRML book, The VRML 2.0 Sourcebook. Several other good VRML books are on the 
market as well. 

A word about VRML versions 

VRML has evolved through several versions of the language, starting way back in late 1994. 

These tutorial notes cover VRML 97, the latest version of the language. To provide context, the 
following table provides a quick overview of these VRML versions and the names they have 
become known by. 



Version Released Comments 


May 1995 Begun in late 1994, the first version of VRML was largely based upon 
the Open Inventor file format developed by Silicon Graphics Inc. The 
VRML 1.0 specification was completed in May 1995 and included 
support for shape building, lighting, and texturing. 

VRML 1.0 browser plug-ins became widely available by late 1995, 
though few ever supported the full range of features defined by the 
VRML 1.0 specification. 

VRML January As vendors began producing VRML 1.0 browsers, a number of 

1.0c 1996 ambiguities in the VRML 1.0 specification surfaced. These problems 

were corrected in a new VRML 1.0c (clarified) specification released in 
January 1996. No new features were added to the language in VRML 
1.0c. 

In late 1995, discussion began on extensions to the VRML 1.0 
specification. These extensions were intended to address language 
features that made browser implementation difficult or inefficient. The 
extended language was tentatively dubbed VRML 1.1. These 
enhancements were later dropped in favor of forging ahead on VRML 
2.0 instead. 

No VRML 1.1 browsers exist. 

Moving January VRML 1.0 included features for building static, unchanging worlds 

Worlds 1996 suitable for architectural walk-throughs and some scientific 

visualization applications. To extend the language to support animation 
and interaction, the VRML architecture group made a call for proposals 
for a language redesign. Silicon Graphics, Netscape, and others worked 
together to create the Moving Worlds proposal, submitted in January 
1996. That proposal was later accepted and became the starting point for 
developing VRML 2.0. The final VRML 2.0 language specification is 
still sometimes referred to as the Moving Worlds specification, though it 
differs significantly from the original Moving Worlds proposal. 

VRML August After seven months of intense effort by the VRML community, the 

2.0 1996 Moving Worlds proposal evolved to become the final VRML 2.0 

specification, released in August 1996. The new specification 
redesigned the VRML syntax and added an extensive set of new 
features for shape building, animation, interaction, sound, fog, 
backgrounds, and language extensions. 

While multiple VRML 2.0 browsers exist today, as of this writing, none 
are complete. All of the browsers are missing a few features. 


VRML canceled 
1.1 


VRML 

1.0 




Fortunately, most of the missing features are obscure aspects of VRML. 


VRML September In early 1997, efforts got under way to present the VRML 2.0 

97 1997 specification to the International Standards Organization (ISO) which 

oversees most of the major language specifications in use in the 
computing community. The ISO version of VRML 2.0 was reviewed 
and the specification significantly rewritten to clarify issues. A few 
minor changes to the language were also made. The final ISO VRML 
was dubbed VRML 97. The VRML 97 specification features finalized in 
March 1997, while the specification’s text finalized in September 1997. 

Most major VRML 2.0 browsers are now VRML 97 browsers. 

VRML 1.0 and VRML 2.0 differ radically in syntax and features. A VRML 1.0 browser cannot 
display VRML 2.0 worlds. Most VRML 2.0 browsers, however, can display VRML 1.0 worlds. 

VRML 97 differs in a few minor ways from VRML 2.0. In most cases, a VRML 2.0 browser will 
be able to correctly display VRML 97 files. However, for 100% accuracy, you should have a 
VRML 97 compliant browser for viewing the VRML files contained within these tutorial notes. 

How I created these tutorial notes 

These tutorial notes were developed primarily on Silicon Graphics High Impact UNIX 
workstations. HTML and VRML text was hand-authored using a text editor. A Perl program script 
was used to process raw tutorial notes text to produce the 500+ individual HTML files, one per 
tutorial slide. 

HTML text was displayed using Netscape Navigator 3.01 on Silicon Graphics and PC systems. 
Colors were checked for viewability in 24-bit, 16-bit, and 8-bit display modes on a PC. Text sizes 
were chosen for viewability at a normal 12 point font on-screen, and at an 18 point font for 
presentation during the tutorial. The large text, white-on-black colors, and terse language are used 
to insure that slides are readable when displayed for the tutorial audience at the conference. 

VRML worlds were displayed on Silicon Graphics systems using the Silicon Graphics Cosmo 
Player 1.02 VRML 97 compliant browser for Netscape Navigator. The same worlds were 
displayed on PC systems using three different VRML 2.0 compliant browsers for Netscape 
Navigator: Silicon Graphics Cosmo Player 2.0 beta 1, Intervista WorldView 2.0, and Newfire 
Torch beta. 

Texture images were created using Adobe PhotoShop 4.0 on a PC with help from KAI’s 
PowerTools 3.0 from MetaTools. Image processing was also performed using the Image Tools 
suite of applications for UNIX workstations from the San Diego Supercomputer Center. 

PDF tutorial notes for printing were created by dumping individual tutorial slides to PostScript on 
a Silicon Graphics workstation. The PostScript was transferred to a PC where it was converted to 
PDF and assembled into a single PDF file using Adobe’s Distiller and Exchange. 



Use of these tutorial notes 


I am often asked if there are any restrictions on use of these tutorial notes. The answer is: 

These tutorial notes are copyright (c) 1997 by David R. Nadeau. Users and possessors of 
these tutorial notes are hereby granted a nonexclusive, royalty-free copyright and design 
patent license to use this material in individual applications. License is not granted for 
commercial resale, in whole or in part, without prior written permission from the authors. 
This material is provided "AS IS" without express or implied warranty of any kind. 

You are free to use these tutorial notes in whole or in part to help you teach your own VRML 
tutorial. You may translate these notes into other languages and you may post copies of these notes 
on your own Web site, as long as the above copyright notice is included as well. You may not, 
however, sell these tutorial notes for profit or include them on a CD-ROM or other media product 
without written permission. 

If you use these tutorial notes, I ask that you: 

1. Give me credit for the original material 

2. Tell me since I like hearing about the use of my material! 

If you find bugs in the notes, please tell me. I have worked hard to try and make the notes 
bug-free, but if something slipped by, I’d like to fix it before others are confused by my mistake. 

Contact 

David R. Nadeau 

San Diego Supercomputer Center 

P.O. Box 85608 

San Diego, CA 92186-9784 

UPS, Fed Ex: 10100 Hopkins Dr. 

La Jolla, CA 92093-0505 

(619) 534-5062 
FAX: (619) 534-5152 

nadeau@sdsc.edu 

http ://w w w. sdsc .edu/-nadeau 
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Lecturer biography 


• David R. Nadeau 

Mr. Nadeau is a principal scientist at the San Diego Supercomputer Center (SDSC), specializing in 
scientific visualization and virtual reality. He is an author of technical papers on graphics and 
VRML and a co-author of two books on VRML (The VRML Sourcebook, and The VRML 2.0 
Sourcebook). He has taught VRML courses at conferences including SIGGRAPH 96-97, WebNet 
96-97, VRML 97, Eurographics 97, and Visualization 97, and is the creator of The VRML 
Repository, a principal Web site for information on VRML software and documentation. Mr. 
Nadeau co-chaired VRML 95, the first conference on VRML, and the VRML Behavior Workshop, 
the first workshop on behavior support for VRML. He is SDSC’s representative in the VRML 
Consortium. 
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Using the VRML examples 


These tutorial notes include over a hundred VRML files. Almost all of the provided worlds are 
linked to from the tutorial slides pages. 

VRML support 

As noted in the preface to these tutorial notes, this tutorial covers VRML 97, the ISO standard 
version of VRML 2.0. There are only minor differences between VRML 97 and VRML 2.0, so 
any VRML 97 or VRML 2.0 browser should be able to view any of the VRML worlds contained 
within these tutorial notes. 

The VRML 97 (and VRML 2.0) language specifications are complex and filled with powerful 
features for VRML content authors. Unfortunately, the richness of the language makes 
development of a robust VRML browser difficult. As of this writing, there are nearly a dozen 
VRML browsers on the market, but none support all features in VRML 97 (despite press releases 
to the contrary). 

I am reasonably confident that all VRML examples in these tutorial notes are correct, though of 
course I could have missed something. Chances are that if one of the VRML examples doesn’t 
look right, the problem is with your VRML browser and not with the example. It’s a good idea to 
read carefully the release notes for your browser to see what features it does and does not support. 
It’s also a good idea to regularly check your VRML browser vendor’s Web site for updates. The 
industry is moving very fast and often produces new browser releases every month or so. 

As of this writing, I have found that Silicon Graphics (SGI) Cosmo Player for PCs and SGI UNIX 
workstations is the most complete and robust VRML 97 browser available. It is this browser that I 
used for most of my VRML testing. On the Macintosh and non-SGI UNIX workstations, I was 
unable to find a usable VRML browser with which to test the VRML tutorial examples. 

What if my VRML browser doesn’t support a VRML feature? 

If your VRML browser doesn’t support a particular VRML 97 feature, then those worlds that use 
the feature will not load properly. Some VRML browsers display an error window when they 
encounter an unsupported feature. Other browsers silently ignore features they do not support yet. 

When your VRML browser encounters an unsupported feature, it may elect to reject the entire 
VRML file, or it may load only those parts of the world that it understands. When only part of a 
VRML file is loaded, those portions of the world that depend upon the unsupported features will 
display incorrectly. Shapes may be in the wrong position, have the wrong size, be shaded 
incorrectly, or have the wrong texture colors. Animations may not run, sounds may not play, and 
interactions may not work correctly. 


For most worlds I have captured an image of the world and placed it on the tutorial slide page to 



give you an idea of what the world should look l ik e. If your VRML browser’s display doesn’t look 
like the picture, chances are the browser is missing support for one or more features used by the 
world. Alternately, the browser may simply have a bug or two. 

In general, VRML worlds later in the tutorial use features that are harder for vendors to implement 
than those features used earlier in the tutorial. So, VRML worlds at the end of the tutorial are more 
likely to fail to load properly than VRML worlds early in the tutorial. 
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Using the JavaScript examples 


These tutorial notes include several VRML worlds that use JavaScript program scripts within 
Script nodes. The text for these program scripts is included directly within the Script node 
within the VRML file. 


JavaScript support 

The VRML 97 specification does not require that a VRML browser support the use of JavaScript 
to create program scripts for Script nodes. Fortunately, most VRML browsers do support 
JavaScript program scripts, though you should check your VRML browser’s release notes to be 
sure it is JavaScript-enabled. 

Some VRML browsers, particularly those from Silicon Graphics, support a derivative of 
JavaScript called VRMLscript. The language is essentially identical to JavaScript. Because of 
Silicon Graphics’ strength in the VRML market, most VRML browser vendors have modified 
their VRML browsers to support VRMLscript as well as JavaScript. 

JavaScript and VRMLscript program scripts are included as text within the uri field of a Script 
node. To indicate the program script’s language, the field value starts with either "javascript:" 
for JavaScript, or "vrmiscript :" for VRMLscript, like this: 


Script { 

field SFFloat bounceHeight 1.0 
eventln SFFloat set_fraction 
eventOut SFVec3f value_changed 

uri "vrmiscript: 

function set_fraction( frac, tm ) { 

y = 4.0 * bounceHeight * frac * (1.0 - frac); 
value_changed[0] = 0.0; 
value_changed[1] = y; 
value_changed[2] = 0.0; 

}" 

} 

For compatibility with Silicon Graphics VRML browsers, all JavaScript program script examples 
in these notes are tagged as "vrmiscript :", like the above example. If you have a VRML browser 
that does not support VRMLscript, but does support JavaScript, then you can convert the examples 
to JavaScript simply by changing the tag "vrmiscript :" to "javascript :" like this: 


Script { 

field SFFloat bounceHeight 1.0 
eventln SFFloat set_fraction 
eventOut SFVec3f value_changed 

uri "j avas cript: 

function set_fraction( frac, tm ) { 



y = 4.0 * bounceHeight * frac * (1.0 - frac); 
value_changed[0] = 0.0; 
value_changed[1] = y; 
value_changed[2] = 0.0; 

}" 

} 

What if my VRML browser doesn’t support JavaScript? 

If your VRML browser doesn’t support JavaScript or VRMLscript, then those worlds that use 
these languages will produce an error when loaded into your VRML browser. This is unfortunate 
since JavaScript or VRMLscript is an essential feature that all VRML browsers should support. I 
recommend that you consider getting a different VRML browser. 

If you can’t get another VRML browser right now, there are only a few VRML worlds in these 
tutorial notes that you will not be able to view. Those worlds are contained as examples in the 
following tutorial sections: 

O Introducing script use 
O Writing program scripts with JavaScript 
O Creating new node types 

So, if you don’t have a VRML browser with JavaScript or VRMLscript support, just skip the 
above sections and everything will be fine. 
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Using the Java examples 


These tutorial notes include a few VRML worlds that use Java program scripts within Script 
nodes. The text for these program scripts is included in files with . java file name extensions. 
Before use, you will need to compile these Java program scripts to Java byte-code contained in 
files with .class file name extensions. 

Java support 

The VRML 97 specification does not require that a VRML browser support the use of Java to 
create program scripts for Script nodes. Fortunately, most VRML browsers do support Java 
program scripts, though you should check your VRML browser’s release notes to be sure it is 
Java-enabled. 

In principle, all Java-enabled VRML browsers identically support the VRML Java API as 
documented in the VRML 97 specification. Similarly, in principle, a compiled Java program script 
using the VRML Java API can be executed on any type of computer within any brand of VRML 
browser 

In practice, neither of these ideal cases occurs. The Java language is supported somewhat 
differently on different platforms, particularly as the community transitions from Java 1.0 to Java 
1.1 and beyond. Additionally, the VRML Java API is implemented somewhat differently by 
different VRML browsers, making it difficult to insure that a compiled Java class file will work 
for all VRML browsers available now and in the future. 

Because of Java incompatibilities observed with current VRML browsers, I have elected to not 
include compiled Java class files in these tutorial notes. Instead, I include the uncompiled Java 
program scripts. Before use, you will need to compile the Java program scripts yourself on your 
platform with your VRML browser and your version of the Java language and support tools. 

Compiling Java 

To compile the Java examples, you will need: 

O The VRML Java API class files for your VRML browser 
O A Java compiler 

All VRML browsers that support Java program scripts supply their own set of VRML Java API 
class files. Typically these are automatically installed when you install your VRML browser. 

There are multiple Java compilers available for most platforms. Sun Microsystems provides the 
Java Development Kit (JDK) for free from its Web site at http://www.javasoft.com. The JDK 
includes the javac compiler and instructions on how to use it. Multiple commercial Java 
development environments are available from Microsoft, Silicon Graphics, Symantec, and others. 



An up to date list of available Java products is available at Gamelan’s Web site at 
http://www.gamelan.com. 

Once you have the VRML Java API class files and a Java compiler, you will need to compile the 
supplied Java files. Unfortunately, I can’t give you explicit directions on how to do this. Each 
platform and Java compiler is different. You’ll have to consult your software’s manuals. 

Once compiles, place the . class files in the slides folder along with the other tutorial slides. 
Now, when you click on a VRML world using a Java program script, the class files will be 
automatically loaded and the example will run. 

What if my VRML browser doesn’t support Java ? 

If your VRML browser doesn’t support Java, then those worlds that use Java will produce an error 
when loaded into your VRML browser. This is unfortunate since Java is an essential feature that 
all VRML browsers should support. I recommend that you consider getting a different VRML 
browser. 

What if I don’t compile the Java program scripts? 

If you have a VRML browser that doesn’t support Java, or if if you don’t compile the Java 
program scripts, those worlds that use Java will produce an error when loaded into your VRML 
browser. Lortunately, I have kept Java use to a minimum. In fact, Java program scripts are only 
used in the Writing program scripts with Java section of the tutorial slides. So, if you don’t 
compile the Java program scripts, then just skip the VRML examples in that section and 
everything will be fine. 




Introduction to VRML 97 Controlling shading on coordinate-based geometry 



Buuaing elevation grins Creating new node types 

Building extruded shapes Providing information about your world 

Controlling color on coordinate-based geometry Summary examples 



Miscellaneous extensions 
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Introducing VRML Introducing VRML 

What do I need to use VRML? Examples 
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How can VRML be used on a Web page? What do I need to develop in VRML? 
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Introducing VRML Introducing VRML 

Should I use a text editor? Should I use a world builder? 
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Introducing VRML Introducing VRML 

Should I use a 3D modeler and format translator? Should I use a shape generator? 
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How do I get VRML software? 
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Using nodes Using node type names 
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Using fields and values Using field names 
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Specifying appearance Specifying geometry 
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Syntax: Box Syntax: Cone 
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Syntax: Cylinder Syntax: Sphere 
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Syntax: Text Syntax: FontStyle 
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Building primitive shapes Building primitive shapes 

Syntax: FontStyle Syntax: FontStyle 
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Building primitive shapes Building primitive shapes 

Syntax: FontStyle A sample primitive shape 
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Building primitive shapes Building primitive shapes 

A sample primitive shape Building multiple shapes 
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Building primitive shapes Building primitive shapes 

A sample file with multiple shapes A sample file with multiple shapes 
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Building primitive shapes 
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Transforming shapes 
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A sample transform group 



Transforming shapes Transforming shapes 

Example Using coordinate systems 
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Transforming shapes Transforming shapes 

Visualizing a coordinate system Transforming a coordinate system 
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Transforming shapes Transforming shapes 

Syntax: Transform Including children 
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Transforming shapes Transforming shapes 

Rotating Specifying rotation axes 
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Transforming shapes Transforming shapes 

Rotating Using the Right-Hand Rule 







Transforming shapes Transforming shapes 

Using the Right-Hand Rule Scaling 
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Transforming shapes Transforming shapes 

Scaling Scaling, rotating, and translating 
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Transforming shapes Transforming shapes 

Scaling, rotating, and translating A sample transform group 








Transforming shapes Transforming shapes 

A sample transform group Summary 
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Controlling appearance with materials 
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Controlling appearance with materials Controlling appearance with materials 

Example Syntax: Shape 


• • 

CD 

jO 

a> 

Sh 

3 

CD 

Sh 




•t-i 

3 



CD 


't-i 



05 

a> 

CD 



a i 


3 



"3 

-3 

5 

05 


• ■ 

"3 

o 

3 

3 

S-. 

o 

Dh 

o 

«N 


• ■ 

0) 

Ch 

rO 

3 

§ 


<D 

w 

1 

Sh 

£ 


O 

C >i 
id P 

43 

a) 



U +J 

CO 

a 

i 


id d) 

s-l 

c 

>i 


d) e 

3 

fO 

u 


Ch 0 


u 

-p 


Ch d) 


id 

<u 

a> 

id O' 


0) 

6 

a« 



Ch 

0 

id 


3 

Ch 

a) 

43 


CD 

(0 

cn 

CO 


a> 

• 

• 




& 





Controlling appearance with materials Controlling appearance with materials 

Syntax: Appearance Syntax: Material 
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Controlling appearance with materials Controlling appearance with materials 

Specifying colors Syntax: Material 









Controlling appearance with materials Controlling appearance with materials 

Experimenting with shiny materials Example 
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Controlling appearance with materials Controlling appearance with materials 

A sample world using appearance A sample world using appearance 
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Summary 


oo 


0 ) 

Oh 

S3 

-O 

5/5 


.2 

a> 

+H 

S3 


S3 

Sh 

a> 

► 

o 

5/5 

© 

Sh 

+H 

= 

o 

cd 

QJ 

o 

= 

a) 

a 

fl 

nJ aj 

u S 

m e 

g. g 

A o 

g 

% ft 

5 ft 

H «s 


S3 

!h 

O) 

o 

5/5 

'o 

!h 

A 

o • • 

S ox) 

4 ) .S 

c- 5-2 

M O o u 

H O S © 

■h "Z ox 'o 

M fl O 
a ) .0 *0 ^ 
+j -e 'O £ 

* Ml 

« © W 
-H Jh • • 

H Oh 


U 

0 

a> 

Sh 
S3 
Oh 

5/5 

o *3 
S3 .5 
£ -£3 

H CZ 3 


5/5 

5/5 

a> 

0 


5/5 

0 

CD 


o 

CD 




Grouping nodes 


s 

o 


<u 
T 3 

§ ^3 

s >■ 

a, *p* 

S £ 

O ^ 



a 

3 

o 

u 

OX) 

a 

a 

o 

3 

o 


► 

QJ 

vi 

vi 

C3 

43 

5« hJ 

4) k-H 

a S 
2 

sc ^ 



o <d 

x! ‘h o m a) 

a o m J3 o fl 

3 -P C H .£ -H 

OH (d H OH 

M £ ^1 -H G G 

0 CO Eh CQ rij H 


OS 

> 


a 

s 

o 

u 

O 



£ 

C/5 


d 

fl 

>» 

C/5 


C/5 


-d 

s- 

C 3 

o 

— 


s 



C8 

S3 

O 


as 

o 

pfi 


fiQ 








Grouping nodes Grouping nodes 

Syntax: Group Syntax: Switch 
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Syntax: Transform Syntax: Billboard 
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Billboard rotation axes Billboard rotation axes 
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Grouping nodes Grouping nodes 

A sample billboard group A sample billboard group 
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Syntax: Anchor A Sample Anchor 
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Grouping nodes Grouping nodes 

Syntax: Inline A sample inlined file 
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Grouping nodes Grouping nodes 

A sample inlined file Summary 
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_ Naming nodes 
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Syntax: DEF Using DEF 
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Syntax: USE Using USE 
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Using named nodes A sample use of node names 
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Naming nodes Naming nodes 

A sample use of node names Summary 
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Summary examples Summary examples 

A bar plot A simple spaceship 
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Introducing animation 
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Introducing animation Introducing animation 

Building animation circuits Examples 
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Introducing animation Introducing animation 

Routing events Using node inputs and outputs 
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Introducing animation Introducing animation 

Sample inputs Sample outputs 
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Introducing animation Introducing animation 

Syntax: ROUTE Event data types 


5 n 

O 

s 

in 

QJ 

Oh 

■HH 

cd 

■HH 

■HH 

= 

o> 

► 

a> 

tH 

a> 

*s 

u 

a> 

tH 

-O 

= 

cd 

?h 

'O cd 
= 
a> 
m 


cd 


nS 

u 

cd 

'O 

o 

a 

+H 

5/5 

cd 


in 

a> 


cd 

= 

QJ 

« - 
■* ■§ 

B 


p 

o 

I—I 

o 

u 


u 

o 

•s 

c 

o 

■H 

-p 

nJ 

-P 

•• 5 

5/5 PC 
Cd IS 
CO 


5/5 

a> 




Cd 


s 

Jh 

— £ 


Cd 


O' 

C 

H 

P 

■P 


Cd co 
Pm 
CO 


m 

QJ 

3 

13 


u 

QJ 

CJ 

CS 

Sm 

A 

X 

U 


G> 
C 
■H 
U 
-P 
W 
c n 

a 

o 

=3 

m 


m 

<D 

« 1 
I £ 

> _u 

sj .&< 

fl s 


a, 0 
h 

r> O 

U 


00 ^ 

w S 


cd 

£ 

< 


cd 

c3 

o 

<D 


Vh 

o 

c 

o 

■H 

-p 

cd 

-P 

o 


(N 


(3 

& 

*3 

a 

<D 


C/3 

0> 

o 

fl 

o 

£ 

C/3 

0) 

fl 

fl 

o 

CJ 

fi 

0) 

s 

a> 


5/5 


ID 

O 


o 

s 

CD 

Sh 


s 

Sh 

cd 



CD 


n3 



-o 


0 



0 


cd 



3 


cu 



cd 

a 


£ 

3 



3 


0 



0 


CD 



0) 


'O 



'O 


o 



o 


0 



0 


5/5 


OJD 

5/5 

•N 

t_ 


*P 

0> 


.0 

4> 




*5/5 

'O 


*s 


“J 

0 


CD 



<D 


CD 


Sh 

5/5 

CD 

i U 

CD 

cd 

43 

+H 

0> 

-O 

£ 

cd 

CD 

43 

£ 

sd 

a> 

OX) 

H 

c 

H 

0 

o 

• 


• 



•o 

a) 

O' c 
c o 

55) -rl 

A -P 

O (5) 

I -P 

c o 

o p 

■H I 
■P -P 
to a) 

-p 50 

o • 

p p 

• <u 
p > 
a) h 
• o a) 
c o 
at a) 
CO PC 

>i >i 

2 2 

IS o 

Eh H 
ID 

8 


cd 

5/5 

cd 

CD 

I 

S-l 

a> 

Oh 

Oh 

o 


a> 

pfi 

+H 

5/5 

O 


o 

Eh 

'O 

o 

cd 

IS 

Eh 

ID 

2 



Introducing animation Introducing animation 

Event data types Event data types 
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Introducing animation Introducing animation 

Following naming conventions A sample animation 
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Introducing animation Introducing animation 

A sample animation Using multiple routes 
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Introducing animation 

Summary 
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Syntax: Positionlnterpolator 



Syntax: Orientationlnterpolator 





Animating transforms Animating transforms 

Motivation Example 
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Animating transforms Animating transforms 

Controlling time Using absolute time 
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Animating transforms Animating transforms 

Using fractional time Syntax: TimeSensor 
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Animating transforms Animating transforms 

Using timers Using timers 
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Animating transforms Animating transforms 

Using timers Using timer outputs 
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Animating transforms Animating transforms 

A sample time sensor A sample time sensor 
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Animating transforms Animating transforms 

Converting time to position Interpolating positions 
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Animating transforms Animating transforms 

Syntax: Positionlnterpolator Using position interpolator inputs and outputs 
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Animating transforms Animating transforms 

A sample using position interpolators A sample using position interpolators 
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Animating transforms Animating transforms 

Using other types of interpolators Syntax: Orientationlnterpolator 
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Animating transforms Animating transforms 

Syntax: Positionlnterpolator Syntax: Colorlnterpolator 
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Animating transforms Animating transforms 

Syntax: Scalarlnterpolator A sample using other interpolators 
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Animating transforms Animating transforms 

Summary Summary 
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Animating transforms 

Summary 
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Sensing viewer actions 
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Sensing viewer actions Sensing viewer actions 

Using action sensors Sensing shapes 
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Sensing viewer actions Sensing viewer actions 

Syntax: TouchSensor A sample use of a TouchSensor node 
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Sensing viewer actions Sensing viewer actions 

A sample use of a TouchSensor node Syntax: SphereSensor 
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Sensing viewer actions Sensing viewer actions 

Syntax: Cylinder Sens or Syntax: PlaneSensor 
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Sensing viewer actions Sensing viewer actions 

Using multiple sensors A sample use of a multiple sensors 
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Sensing viewer actions 

Summary 
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Building shapes out of points, lines, and faces 




A sample use of a Coordinatelnterpolator node 



Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Motivation Example 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Building shapes using coordinates Syntax: Coordinate 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Using geometry coordinates Syntax: PointSet 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

A sample PointSet node shape Syntax: IndexedLineSet 


c d 

CO 

CD 

u 

cd 

c d 

o 

c 

>> 

u 

-4-H 

cd 


a> sn 
OJD S 
+J s 

aj 

a) o 

5 I 

3 o 

0) 

$ £ 

t) 

a a 

h 6 

fl © 

*2 4) 

OJD 


<4-1 

o 

<Z3 

!h 

*s 

Oh 

a 

cd 

4> 


a> 

pfi 

= 

£ 

t/3 

i CD 
.2 § 
| I 

VS o 
o 

VS w 

OJD 'Q 

'I - 

a* 

^ c n 


■P 

w- a) 

co 
a> a) 
oca) 
c -H +j 
m PI (0 
o x) 
to a) 


c 

■iH 


<u x T3 ■—■ 

a® m 

C^TJ O +j 

|< c o c 


a) 

o 

c 

aj 

p 


H U 

•d 
>i M 

0 o 
+J o 
a) a) u 
a) g 
— a o 
04 a) 
a) nj th 

04 

nJ 

A 

w 


H 

O 

O 4 


X! 
0) 
T) 
C 
H 
T) 
U 
O 
O 
■ O 





Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Using line set coordinate indexes Using line set coordinate index lists 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

A sample IndexedLineSet node shape Syntax: IndexedFaceSet 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Using face set coordinate index lists Using face set coordinate index lists 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

A sample IndexedFaceSet node shape Syntax: IndexedFaceSet 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Using shape control Syntax: Coordinatelnterpolator 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Interpolating coordinate lists A sample use of a Coordinatelnterpolator node 
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Building shapes out of points, lines, and faces Building shapes out of points, lines, and faces 

Summary Summary 
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Building shapes out of points, lines, and faces 

Summary 
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_____ Building elevation gnds 
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Building elevation grids Building elevation grids 

Example Syntax: ElevationGrid 
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Building elevation grids Building elevation grids 

Syntax: ElevationGrid Syntax: ElevationGrid 
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Building elevation grids Building elevation grids 

A sample elevation grid A sample elevation grid 
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Building extruded shapes „ , , , 

_____ Building extruded shapes 

Motivation 
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Building extruded shapes Building extruded shapes 

Examples Creating extruded shapes 
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Building extruded shapes Building extruded shapes 

Extruding along a straight line Extruding around a circle 















Building extruded shapes Building extruded shapes 

Extruding along a helix Syntax: Extrusion 
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Building extruded shapes Building extruded shapes 

Syntax: Extrusion Squishing and twisting extruded shapes 
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Building extruded shapes Building extruded shapes 

Syntax: Extrusion Sample extrusions with scale and rotation 
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Building extruded shapes 

Summary 
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Controlling color on coordinate-based geometry , 

___'_ Controlling color on coordinate-based geometry 

Motivation 
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Example Syntax: Color 
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Controlling color on coordinate-based geometry Controlling color on coordinate-based geometry 

Binding colors Syntax: PointSet 
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Controlling color on coordinate-based geometry Controlling color on coordinate-based geometry 

A sample PointSet node shape Syntax: IndexedLineSet 
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Controlling color on coordinate-based geometry Controlling color on coordinate-based geometry 

Controlling color binding for line sets A sample IndexedLineSet node shape 
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Controlling color on coordinate-based geometry Controlling color on coordinate-based geometry 

Syntax: IndexedFaceSet Controlling color binding for face sets 
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Controlling color on coordinate-based geometry Controlling color on coordinate-based geometry 

A sample IndexedFaceSet node shape Syntax: ElevationGrid 
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Controlling color on coordinate-based geometry Controlling color on coordinate-based geometry 

Controlling color binding for elevation grids A sample ElevationGrid node shape 
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Summary 
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_____ Controlling shading on coordinate-based geometry 

Motivation 





Controlling shading on coordinate-based geometry Controlling shading on coordinate-based geometry 

Example Controlling shading using the crease angle 
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Selecting crease angles A sample using crease angles 
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Using normals Syntax: Normal 
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Controlling shading on coordinate-based geometry Controlling shading on coordinate-based geometry 

Syntax: IndexedFace Set Controlling normal binding for face sets 
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Controlling shading on coordinate-based geometry Controlling shading on coordinate-based geometry 

Syntax: ElevationGrid Controlling normal binding for elevation grids 
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Controlling shading on coordinate-based geometry Controlling shading on coordinate-based geometry 

Syntax: Normallnterpolator Summary 
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Summary examples Summary examples 

Particle flow A real-time clock 
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A timed timer A morphing snake 
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Example Example Textures 






Mapping textures Mapping textures 

Using image textures Using pixel textures 
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Mapping textures Mapping textures 

Using movie textures Syntax: Appearance 
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Mapping textures Mapping textures 

Syntax: ImageTexture Syntax: PixelTexture 






Mapping textures Mapping textures 

Syntax: MovieTexture Using materials with textures 
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Mapping textures Mapping textures 

Colorizing textures Using transparent textures 
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Mapping textures Mapping textures 

A sample transparent texture A sample transparent texture 
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Summary 
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Controlling how textures are mapped 
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Scaling, rotating, and translating 




Controlling how textures are mapped Controlling how textures are mapped 

Motivation Working through the texturing process 
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Controlling how textures are mapped Controlling how textures are mapped 

Using texture coordinate system Specifying texture coordinates 
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Controlling how textures are mapped Controlling how textures are mapped 

Applying texture transforms Texturing a face 
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Controlling how textures are mapped Controlling how textures are mapped 

Working through the texturing process Syntax: TextureCoordinate 
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Controlling how textures are mapped Controlling how textures are mapped 

Syntax: IndexedFace Set Syntax: ElevationGrid 
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Controlling how textures are mapped Controlling how textures are mapped 

Syntax: Appearance Syntax: TextureTransform 
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Controlling how textures are mapped Controlling how textures are mapped 

A sample using no transform A sample using translation 
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Controlling how textures are mapped Controlling how textures are mapped 

A sample using rotation A sample using scale 
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Controlling how textures are mapped Controlling how textures are mapped 

A sample using texture coordinates A sample using scale 
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Controlling how textures are mapped Controlling how textures are mapped 

Scaling, rotating, and translating Scaling, rotating, and translating 
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Controlling how textures are mapped Controlling how textures are mapped 

A sample using scale and rotation Summary 
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Lighting your world Lighting your world 

Example Using types of lights 
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Lighting your world Lighting your world 

Using common lighting features Using common lighting features 



a> 

a> 

QJ 

> 

so 

43 

• • 

qj 

o 

o 

a> 

C 

C 

5/5 

>■ 

co 

co co 

+H -M 

73 

43 

5/5 .5/5 

5/5 

o 


•M 

43 

Zl 

OX) 43 

OX 

73 

5/5 

fi .33 

-M 

H-H 

43 

OX 

OX s3h 

O 

Oh 

5/5 


c 

© 


o 
ft 1 ; 

5/5 •— 1 


5/5 .53 


s 

© 

s 


Oh 

3 2 


'O 

o 

X 

■ 

43 

0 

a 

so 

S 

G 

OX) 

co 

■ 

0 

■rl 

33 

5/5 

■M 

43 

G 

0 

■H 

■ 

to 

■P 

<5j 

3 

73 

0 

OX) 

■P 

3 

G 

.© 


(5J 

■H 

a) 



a 

T) 

■p 

*■§ 

.0 

0 
i — i 

nJ 

P 

■p 

<0 

QJ 

u 

© 

• 

• 

• 


Oh 




5 

• 




• 


0 

.© 

*-m 

o 

QJ 

§ ! 

« S 

*3 


G 

0 

■H 

-P 

O 

(U 

U 

■H 

”0 


5/5 

2 

sfi 

o 

o 


o 

u 

2 

u 

qj 

► 

CD 

5/5 

a> 

► 

co 

43 

5/5 


1m 

O 

u 

o 

o 

o 


o 

& 

«m 

sm 

a> 

-M 

0 

QJ 

3 

5/5 23 

5/3 0 

4> A 

C 

*3 o 

O u 

OX) ■m 

-O g 


= 
1. 
o 

43 ~ 
OX) 1 
03 G 
0 


o 

S-H 

-M 

c 

o 

Cj 


>1 

-p 

■H 

m 

G 

a) 

■P 

G 

■rl 


> Ih 

>1 £ 

±! o 

w w 

G 31 

ai ^ 
-p o/ 

G aj 

H 

S ■ 

Q) 

■H 


P 

0 


6 0 

<fl U 



Lighting your world Lighting your world 

Syntax: PointLight Syntax: DirectionalLight 
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Lighting your world Lighting your world 

Syntax: SpotLight Syntax: SpotLight 


.5/5 

45 

= 

o 

u 

5/5 

r\ 

- 4-1 

43 'O 
DJO —3 
•3m 4) 

1—1 S3 

o tv 

CL H 

5s cn 


S3 

< 4-1 

o 

43 


fl 

5S 

in 

o 

-p 


5/5 

I/! 

4) 

S3 

-4^ 

.Sf 

*G 

-S 

- 4-1 

s: -a 

5 "3 

5/5 IS 

2 % 

6 g 


£ 

S3 


a) 

.Q 


S3 3 
d o 

.© 

45 


*5jd 

42 


a» 

-HH 

> 43 

s r. 

in 

45 

,0 

3 42 

S3 

O 

d 

45 

.9 d 

u 

0) 

Sh 

3 

S3 =4 

4) 

Sh 

S3 O 

S3 

hh 

S u 

.S3 

S3 

M 1 

S3 

O 

45 

H 8 

• 

• 

5/5 


■p 

ps 

O' 

■rl 

PI 

■P 

o 

CL 

W 


m 

oo Ol 
r- m 

o o 

<D 

i—i 

O'PS 
rtj T 3 

IP -rl 

M-l |S 
O g 
■P (5) 
0 <D 

o a 


a 

© 

a 

S 3 


o 

< 4—1 

5/5 

4) 

-4-> 33 
S3 S 
<3 O 
.S3 V 

3 « 

= S3 

2 

« S3 

o ^ 

S3~ 

£.2 
O' "Q 


45 

Sh 


■rl 

PI 
■P 
O i"rt 

St 2 

^3 o 


o o o in 

■ ■ • oo 

o o h > 

o o o o o 

OHHrl 111 
H 

G >i O 

C 04J • G 

^ 0 -H -H rH rtj 
■H 4-> w m 
+J +J 0 G H 4-1 

43 (0 Q) Q) 0 O 

H -P H 4J 
■H G 0 3 




Lighting your world Lighting your world 

Example Summary 
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Adding backgrounds Adding backgrounds 

Using the background components Using the background components 
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Adding backgrounds Adding backgrounds 

Syntax: Background Using sky angles and colors 
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Adding backgrounds Adding backgrounds 

Using ground angles and colors A sample background 
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Adding backgrounds Adding backgrounds 

A sample background Syntax: Background 
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Adding backgrounds Adding backgrounds 

A sample background image A sample background 
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Adding backgrounds Adding backgrounds 

A sample background Summary 
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Adding fog Adding fog 

Examples Using fog visibility controls 
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Adding fog Adding fog 

Selecting a fog color Syntax: F 
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Adding fog Adding fog 

Several fog samples Summary 
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Adding sound Adding sound 

Creating sounds Syntax: AudioClip 
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Syntax: Sound Syntax: Sound 


Sh 

4> 


s 

4) 

-a 

a 

a 

O 

C/3 

S3 

C/3 

0) 

-o 

CJ 

C/3 

4> 

-a 

cu 

-a 

o 

a 

T3 

G 

3 

O 

CO 


4> 


OJD 

a 

*C/3 

C/3 

0) 

© -a 

4) O 
N 5/3 
S 4) 

a ,a 

• fH 

a © 

Oh. a 
C/3 H-J 



4/ 

Sh 



C/3 

o 


© 

a 



> 




i 

i 

a 



0) 



>i 

N 

i 


■p 

■H 

>i 


■rl 

i — 1 

■p 


CO 

cfl 

■H 


G 

■H 

P 

■o 

0) 

■P 

0 

c 

■p 

cfl 

■H 

3 

G 

& 

P 

0 

■H 

co 

& 

CO 

• 

• 

• 



w 

o § 

• E-t O 

rH 

d) O 
>1 N 
■P H >1 
■H H +J 
CO (0 -rl 
G H p 

0) +j o 

■P nJ -H 

c o« p 

■H CO & 


Sh 

4) 


4> 

ns 

a 

a 

o 

C/3 

a 

C/3 

4) 

jO 

o 

C/3 

4) 

'O 

4) 

-a 

o 

a 

■o 

c 

3 

o 

CO 


4) 

4/ 

a 

'O 

4> 

o 

CJ 

a 


0) 

Oh 

p 

3 

■P 

Sh 

4) 

+H 

X 

>H 

0) 


H 

0) 

■rl 

s 

4) 


O O 


> 

1 



o 

rH 

0 

G 





s 

o 



o 

O 

5^ 

■H 


Oh 

• 

• 

o 

■p 


■rl 

H 

o 

o 

Oh 

a) 


U 

o 

o 

■rl 

p 


0 

• 

• 

i—1 

•H 


■H 

o 

o 

u 

T) 


T) 



0 



3 


G 

■rl 

-a 


< 

G 

0 

■o 

a 



0 

■rl 


a 


(1) 

■rl 

■P 

< 


O 

■p 

0 


c 


P 

nJ 

d) 

1 

0 

'-r-' 

3 

U 

P 

0) 

■rl 


0 

0 

■rl 

a 

■P 

■d 

(0 

H T) 

P 

cfl 

c 




3 

u 

3 




0 

0 

0 




U] 

i—i 

CO 




• 

• 







Adding sound Adding sound 

Syntax: Sound Setting the sound range 


a 2 
;5r a 

a 

^ .a 

© G 

^ a 

h— _ 

O 

fa 

.3 h-» 
« fi 

a 8 

5/3 * 
« a 
'O (0 
pq 
a 

■H 

s 


a> 

cS 


qj 

OJD "rt 

S3 g 

g a 

5h 


-a 

a 

G 

o 

C/3 

CD 

X! 

H 


■p 

a 

o 

P 

fa 

C 

■H 

a 


fa 

QJ 

H-J 

a 

o 

a 

a 

'© 

fa 

h-j 

a 

o 

CD 

M 

O 

nJ 

pq 

X 

rt 

a 

-a 

a 

a 

-p ^ 

c w 


o o 

C/3 P 

a fa 

x 


CD 


n) 

a 


o 

C/3 

a 

"3 


u 

QJ 

a 

.a 

a» 

-a 

a> 

-a 

*S 

.a 

QJ 

£ 

G 

'© 

HJ 

a 

a 

HJ 

C/3 

a 

o 

CD 

a 

C/3 

a 

43 3 
-a o 
a 5/3 
a .& 

O 33 

!Z2 4) 


fa 

CD 

a 

.a 

CD 

-a 


o 

£ 

a> 


o 

► 

o 

fa 

a/ 

N -g 

2 2 

C/3 •S' 

o 4> 

-a is 

3 a 
a o 

O .33 

CZ5 S3 


fa 

4> 

HJ 

a a a 

S o o 

u IB !* 

a a 

^ »N «N 

a 
a 
o 

c/3 4) QJ 

a 
a 


4> 4) 

fa fa 


a 

C/3 

4> 

jg 

*fa 

CD 

C/3 

4> 

-a 

QJ 

-a 

o 

a 

■o 

a 

3 

O 

OT 


a 

o 


1 

■ 



o 

o 

■X 

x 


o o 

. 

. 

u 

0 



o 

o 

(0 

nJ 


rH rH 

rH 

rH 

pq 

pq 





PS 

X 


■P 

■P 


■H 

tit 


PS -X 

PS 

X 

e 

S 


0 0 

0 

0 

•s 

•s 


• P nJ 

p 

nJ 

■p 

■P 


fa pq 

fa 

pq 

PS 

PS 

’-r-’ 

• P) PS 

X 

X 

0 

0 


■H -rl 

cd 

m 

P 

p 

■d 

• g B 

B 

B 

fa 

fa 

ps 




PS 

X 

d 




■H 

nJ 

0 




e 

e 

w 




• 

• 







Adding sound Adding sound 

Creating triggered sounds A sample using triggered sound 


P 

O 

H 

O 

U 

<D 


G O 
QJ rd 

h * 

TJ CO 


(0 

rH 




s 

G 





•H 

m 

rH 


O 


EH 

m 



■H 


-P 

■H 

O 


H 


P 

T3 



U 


rd 


CO 


0 


-P 


CM 


■H 


(0 




•d 


1 

(U H 

O 


G 


•P 

0 rd 



< __ 


a) 

G H 

<U 





rd P 

N 


^ > 



p a) 

■H 


U rd 



rd -P 

(0 


43 £ 


u 

a) rd 



0 • 


a 

0.2 


p 

-P rH 

o 

a 

o 


0 

■H <D O 

• o 

-p 

<C H 

X 

w 

O G • 

o • 

■H 

rd 

0 

G 

0 rH 

o o 

ai 

a) -h 

PQ 

<D 

En -P 

rH O 


a p 


CO 

W = 43 

rH 

o 

G <D 

>i 

43 

Q 0 

-P 

EH 

rd -p 

P 

a 

H 4J 

G ,X 


P rd 

-P 

G 

<D P -H 

0 0 

51 

rd g 

51 

0 

0 G O 

P rd 

e 

aj 

6 

EH 

P 

h PQ 

■H 

o 

0 


G 

X X 

EH 

o 

<D 


0 

rd rd 

43 

rd 


U TJ 

w 

^gg 

a 


^ -rH 
43 
CU O 
G 
O 
P 
O 


• Q CO 


G 

O 

-P 

U 

w 

Eh 

D 

O 

' 


• • 

QJ 

o 

a 

Qh 

■H 

H 

U 

O 

■r| 

V 

< 


QJ 


o 

C/3 

s 

a> 

u 

j3 

© 

13 

C/3 

>> 

= 




C/3 

a 


S 


C/3 



9 


w 




«G 

<D 

s 


o 

cd 

‘5 




EH 

• 

o 

o 

w 

CO 

■H 

Eh 


(U 

N 

0) 

rH 

PI 

-P 

li 

• • 

a> 

■H 

■p 

>1 

< 

b 

H 

nJ 

H 

fi 

0 

■P 

■rl 

-P 

to 

© 

■H 

p 

P 


C 

■P 

h 

0 

0 

HJ 


<sS 

C 

■rl 

0 

© 

T3 

& 

■H 

P 

H 


C 

m 

e 

& 

• 

• 

0 

• 

• 

• 


CO 



Adding sound Adding sound 

A sample using triggered sound Creating continuous localized sounds 


C/3 

4> 

3 

3 

> 


a .2 


«M 3 

CU cm 

"O a* 

o 


3 

Cm 

a> 

3 

w 

o 


-3 ^ 

4) 

S 3 

33 £ 

-M 4> 

3 3 


• • 

cu 

3 

O 

w 

o 

0) 

o 

o 


EH 

0) 

N 

• 

o 

HM 

4> 

o 

o 

3 

D 

g 

0) 

• • 

4) 

3 

■H 

■P 

>1 

& 

pti 

H 

■H 

H 

g 

■H 

H 

(0 

fl 

0 

■p 

■H 

■H 


■P 

Eh 

O 

■H 

P 

SH 

H 

U 

& 

U 

cu 

3 

-P 

fa 

0 

0 

cc) 

0 

■d 

H 

(0 

c 

■H 

0 

0 

-P 

■P 

& 

■H 

U 

■H 

T3 

r-1 

CO 

CO 

M 

3 

CO 

e 

& 


• 

• 

• 

0 

• 

• 

• 





CO 




• 




• 







Adding sound Adding sound 
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Creating viewpoints Syntax: Viewpoint 
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Controlling navigation Controlling navigation 

Selecting navigation types Specifying avatars 
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Sensing the viewer Sensing the viewer 

Sensing the viewer Using visibility and proximity sensors 
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Sensing the viewer Sensing the viewer 

Syntax: VisibilitySensor Syntax: Proximity Sensor 
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Sensing the viewer Sensing the viewer 

Syntax: Proximity Sensor Detecting viewer-shape collision 
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Sensing the viewer Sensing the viewer 

Creating collision groups Syntax: Collision 
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Sensing the viewer Sensing the viewer 

A sample use of proximity sensors and collision Optimizing collision detection 
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Sensing the viewer Sensing the viewer 

Using multiple sensors Summary 
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Sensing the viewer Sensing the viewer 

Summary Summary 
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Summary examples Summary examples 

A mysterious temple Depth-cueing using fog 
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Summary examples 

A heads-up display 
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Using IS Using prototyped nodes 
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Controlling usage rules Controlling usage rules 
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A sample prototype use A sample prototype use 
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A sample prototype use Changing a prototype 
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Summary examples Summary examples 

A vector node for vector fields An animated texture plane node 
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Summary examples Summary examples 

A cutting plane node An animated flame node 


© 

u 

© 


© 

h-j 

© 


© 

55 


© 

£ 


© 

pfi 



■p 

a 

■rl 

M 

a 

to 






.2- 


*© 


© 


5/5 


•s 


© 


a 


© 


-© 


5/5 


© 


g 

© 

© 

d 

55 

© 

© 

© 

to 

d) 

p© 

H-H 

5/5 

jg 

© 

rH 

-2 

u* 

3 

© 

5/5 

© 

©H 

© 

© 

H-> 

G 

© 

© 

5/5 

© 

H-> 

O 

© 

Eh 

© 

O 

© 

ft 

ft 

d 

< 

© 

© 

• 




© 

© © 

o © 

© sm 

'd 0) 
© s- 
5 

■5 x 

X 0) 
© ^ 
^ 4) 

« -5 

© 

-4-1 

© 5R 

Sh 'O 
© « 

4) 05 

'O 4) 

© g 

a © 


<u 

a 

(0 


p 

3 

-P 

X 

d) 

Eh 


© 

O 

5/5 

© 

4> 

t/5 

#s 

© 

«4—I 

© 

© 

© 


d) 

3 

id 

i—i 

ft 

CP 

fi 

■rl 

■a 

■rl 

H 

CO 

© 

41 


P 
0 
(0 

ft a 

d) <u 


^5 < 


x © 

© © 

H- © 

4) « 

-© o 

■*J H-i 
5/5 H-* 

© Q, 

H-i 

© 4. 

© w 
©H fe 

4B# 

C3 ^ 

© 

o ® 

g 2 

9 * 4> 

ni d d 

J: fi © 
© fi 





Summary examples 

A torch node 
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Coverage Where to find out more 
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